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Gamma correctionAbstract Medical imaging plays an important role in monitoring the patient’s health condition
and providing an effective treatment. However, the existence of several objects overlapping in an
image and the close proximity of adjacent pixels values in medical images make the diagnostic pro-
cess a difﬁcult task. To cope with such problems, this paper presents a new method based on mor-
phological transforms to enhance the quality of various medical images. In this method, a disk-
shaped mask whose size ﬁts that of the original input image is chosen for morphological operations.
Afterward, the proposed ﬁlter from the Top-Hat transforms is applied to the image, using the cho-
sen mask in a multi-step process. At each step, the size of the mask is increased. Consequently, an
enhanced image is provided for each mask size. The number of required steps and the ﬁnal
enhanced image are determined based on the Contrast Improvement Ratio (CIR) measure. Indeed,
this approach applies an exfoliation process on the images, in which one or several objects in the
image are prominently manifested using morphological ﬁlter, hence provide an appropriate image
for analysis. The results in this research indicate that the proposed approach makes a better contrast
and works much better than the other existing methods in improving the quality of medical images.
 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Medical images have an important role in diagnosing a disease
and monitoring the effect of the selected treatments. In spite of
the increasing progress in the methods of capturing these
images, the produced images may not pose enough quality
for an accurate diagnosis. Emergency situations, environmentalnoises, patients’ special conditions in photography, lighting
conditions and technical constraints of imaging devices are
among the reasons why images may have low quality (1–3).
In such cases, image enhancement techniques can be useful,
especially when reimaging is impossible. These new techniques
are used to repair the damaged images and to enhance their
quality and contrast.
The method presented in (1) enhances a medical image
using wavelet transformation. In this method, the high-fre-
quency sub-images are decomposed using the Haar wavelet
transform. Then, noise in the high-frequency sub-bands is
reduced using soft-thresholding. Finally, the enhanced image
is obtained using inverse wavelet transformation. Another
Fig. 1 Disk-shaped structural element (mask) with radius of 4.
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on Gaussian Scale Mixture (GSM) model for wavelet coefﬁ-
cients in multi-scale wavelet analysis in (4). In this method,
ﬁrst, noise is removed from the noisy image using Wiener ﬁlter.
Then, through the qualitative analysis and classiﬁcation of
wavelet coefﬁcients for the signal and noise, the wavelet’s
approximate distribution and statistical characteristics are
described, combining GSM model for wavelet coefﬁcient. This
algorithm can enhance CT images whose noise is removed.
Another common method for medical image enhancement
is histogram equalization (5) that enhances the contrast of
image by increasing distribution of gray levels. This method
does not necessarily obtain good results for all areas of an
image because contrast enhancement may damage the image
and the border areas. Because of this, there are different gen-
eralizations of this method to improve its performance (6,7).
An algorithm for improving abdominal ultrasound images is
proposed based on combination of histogram equalization
and wavelet transformation in (8). This algorithm improves
edges and surroundings of abdominal walls and has real time
performance in dynamic applications.
Another method for medical image enhancement is Gamma
correction (9). In this method, Gamma values of individual
pixels are locally optimized by minimizing the homogeneity
of co-occurrence matrix of the original image. The Gamma
correction method enhances dynamic range and improves the
image.
In (10) a morphological ﬁlter is proposed for sharpening
medical images. In this method, after locating edges by gradi-
ent-based operators, a class of morphological ﬁlter is applied
to sharpen the existing edges. In fact, morphology operators,
through increasing and decreasing colors in different parts of
an image, have an important role in processing and detecting
various existing objects in the image. Locating edges in an
image using morphology gradient is an example that has com-
parable performance with that of classic edge-detectors such as
Canny and Sobel (11). In another method presented in (12),
vessels in angiography images are enhanced based on their spe-
cial patterns and morphological ﬁlters.
In capturing a medical image from body, since different
organs are in various depths, the image does not have sound
quality to be analyzed by the physician. For instance, in an
image taken from chest by X-ray or ultrasound, organs such
as skin, heart, lung, bone, ligaments, vessels, cartilage and lym-
phatic ﬂuid appear simultaneously in an image while overlap-
ping. Since each body organ has different structure or
texture, we can prominent one or several of them in the image
using morphological ﬁlter, hence provide an appropriate image
for analysis. We name this as an exfoliation process. A similar
function is performed in processing aerial images (taken by air-
plane or balloon) to remove clouds to achieve more clarity (13).
In the present study, a new method based on particular
transforms of mathematical morphology is proposed to
enhance the contrast of medical images. To do so, we ﬁrst
determine the shape and size of the desired mask for morpho-
logical transforms. Achieving suitable result and reducing
computation time in morphology-based methods depend on
the shape and size of a mask; so, the selected mask for a prob-
lem should be in appropriate shape and size. Generally, the
desired mask is selected arbitrarily. Since disk-shaped mask
is independent of changes in rotation, it is more commonly
used in medical imaging compared to type of masks. The sizeof mask is also dependent on input image and can take differ-
ent values for different images; therefore, in the proposed
method, we use a disk-shaped mask to apply morphology
transforms whose initial size is determined through trial and
error and based on the input image. Then, exfoliation process
is done by applying a ﬁlter of Top-Hat transforms using
different masks in various radii. We will have an enhanced
image per each mask. The best enhanced image is selected
among the produced images using Contrast Improvement
Ratio (CIR).
The organization of the paper is as follows: Section 2
introduces the images under study. Section 3 explains general
mechanisms of mathematical morphology method such as
operators, selecting proper mask and Top-Hat transforms
and CIR. In Section 4, the proposed algorithm is described.
The result of applying the proposed method and its compari-
son with other improvement methods is analyzed in Section
5 and conclusion will be the last section.
2. The medical images under study
The medical images used in this paper are CT-Scan and X-ray
images. The CT-Scan images have been taken from different
parts of body such as chest, abdomen and brain which are used
by a physician to determine skeletal problems, size and
location of a tumor and diseases of blood vessels; and give
guidelines for surgical processes and chemotherapy treatments
for cancer. The X-ray images were taken from foot, hand and
chest. These images can also be enhanced using the proposed
method. The CT-Scan and radiology images used in this paper
are in resolution of 72 pixel/in.
3. Mathematical morphology
Methods of mathematical morphology act based on the struc-
tural properties of objects. These methods use mathematical
principles and relationships between categories to extract the
components of an image, which are useful in describing the
shape of zones. Morphological operators are nonlinear, and
two sets of data are their input. The ﬁrst set contains the ori-
ginal image and the second one describes the structural ele-
ment (mask). The original image is binary or in gray level
and the mask is a matrix containing zero and one values (12).
It is after applying the ﬁnal image to the morphological
operators that a new value for each pixel is obtained through
sliding the mask on the original image. Value 1 in each mask
indicates effectiveness and value 0 indicates ineffectiveness in
the ﬁnal image. Different formats can be selected to form a
mask. Fig. 1 shows a disk-shaped mask with radius of 4
(9 * 9 matrix).
Fig. 2 General idea in Top-Hat transform, (a) cross-section of
Enhancing the contrast of medical image 4833.1. morphological operators
If A (x,y) and B (u,v) describe the gray-level image matrix and
the structural element matrix respectively, erosion and dilation
operators are deﬁned as (1) and (2):
AHB ¼ min
u;v
fAðxþ u; yþ vÞ  Bðu; vÞg ð1Þ
A B ¼ max
u;v
fAðx u; y vÞ þ Bðu; vÞg ð2Þ
The erosion operator reduces the size of objects. This oper-
ator increases the size of holes in an image and removes very
small details of that image. Removing bright areas under the
mask makes the ﬁnal image looks darker than the original
image. The dilation operator acts in reverse; in other words,
it increases and decreases the size of objects and holes in the
image respectively. The opening operator is equivalent to the
application of the erosion and dilation operations on the same
image respectively (Eq. (3)) while the closing operator acts in
reverse (Eq. (4)):
A  B ¼ ðAHBÞ  B ð3Þ
A  B ¼ ðA BÞHB ð4Þ
The opening operator removes weak connections between
objects and small details while the closing operator removes
small holes and ﬁlls cracks.
3.2. Selecting a proper mask
Selecting a mask in proper shape and size to take morpholog-
ical actions has a key role in achieving desired results and
reducing calculation time. In general, the shape and size of a
mask are arbitrarily selected; however, the selected mask
should be in appropriate shape and size for various diagnosis
purposes. Disk-shaped masks (Fig. 1) are more commonly
used for medical images than other masks. As stated before,
since disk-shaped masks are independent of changes in rota-
tion, they are chosen for medical images.
Since big or small masks strengthen or weaken various
parts of an image, it is impossible to gather detailed informa-
tion on the contrast of different images using only one struc-
tural element. This is why one mask in a particular shape
and size may not appropriate for other applications (14).
In the proposed method, the change in shape and size of the
mask continues until an appropriate result obtained. It should
be mentioned that past experiences have key roles in selecting
proper masks to take morphological actions.
3.3. Top-Hat transforms
These transforms are used to enhance the contrast of images
through morphological methods and are in two general types:
Top-Hat transform is obtained by subtracting the opening of
the original image from the image itself (Eq. (5)), and Bot-
tom-Hat transform is obtained through subtracting the origi-
nal image from its closing (Eq. (6)) (15):
Top-HatðAÞ ¼ ATH ¼ A ðA  BÞ ð5Þ
Bottom-HatðAÞ ¼ ABH ¼ ðA  BÞ  A ð6ÞTop-Hat and Bottom-Hat transforms are generally known as
Open Top-Hat or White Top-Hat and Close Top-Hat or Black
Top-Hat respectively. In many papers, Top-Hat is used to
refer to both kinds of hat transforms. These transforms are
named Top-Hat after Cylinder Hat shown in Fig. 2.
Fig. 2(a) shows an image of the cross-section of the transform
and Fig. 2(b) describes deﬁned parameters. In this ﬁgure, h
indicates the difference in contrast and acts as a threshold,
and d0 and di determine radius of the circles (16).
According to Eq. (5), since the opening operator leaves a
background of the image, it is expected that Top-Hat trans-
form removes the image background. This transform acts like
a high-pass ﬁlter and extracts the bright areas of the image
(with contrast not less than h) which are smaller than the mask.
Bottom-Hat transform also removes the background of the
image and leaves some dark areas of the image which are smal-
ler than the mask itself (17).
It is possible to add the bright areas (the results of the open-
ing operator) to the image and subtract the dark areas (the
results of the closing operator) from it. As a result, there will
be an enhancement in the contrast between bright and dark
areas:
Ao ¼ Aþ ATH  ABH ð7Þ
Fig. 3(b) and (c) shows the results of applying Top-Hat and
Bottom-Hat transforms for a CT-Scan image. Fig. 3(d) shows
the result of applying (7) (disk with radius 7) to the image. In
comparison with the original image, this ﬁnal image is highly
enhanced. Fig. 3(e) has been obtained similarly, but using a
disk with radius 37. That is why this image has a better quality.
3.4. Contrast improvement ratio
Contrast which is deﬁned as the difference in visual properties
of pixels makes an object distinguishable from other objects
and the background. In gray-scale images, contrast is deter-
mined by the difference in the brightness of the object and
its surroundings. In this paper, we use CIR to measure con-
trast. CIR measures the effect of contrast enhancement on
image quality (18). In this method, we compute the mean value
of luminance in two different concentric rectangular windows
centered on each pixel. More speciﬁcally, we can deﬁne the
local contrast as the following ratio:
cðx; yÞ ¼ jp ajjpþ aj ð8Þ
where p and a are the average values of gray levels in the center
window and the surrounding window of the pixel locationthe transform, (b) parameters of the transform.
Fig. 3 The results of morphological operators in the improvement of a CT-Scan image. A disk with radius 7 has been used for the
structural elements (b) to (d). (a) Original image, (b) Top-Hat transform, (c) Bottom-Hat transform, (d) using Eq. (7), (e) using Eq. (7) for
disk with radius 37.
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one is a 7 · 7 square. Here c(x,y) is the contrast measurement
and is in the range of [0,1]. Finally, CIR is deﬁned as the fol-
lowing ratio using the enhanced and original image local con-
trast measurements.
CIR ¼
P
ðx;yÞ2R cðx; yÞ  c^ðx; yÞð Þ2P
ðc;yÞ2Rc
2ðx; yÞ ð9Þ
where R is the region of interest and c and c^ are the local con-
trast measurements in original and enhanced images respec-
tively (19).
4. Proposed method
According to 3–2, this paper aimed at using a mask and
increasing its size exponentially to obtain an image with appro-
priate contrast. To do so, we repeat the dilation operation on
the initial mask to gradually increase its size and analyze the
result in each stage. In this method, mask Bi is obtained by car-
rying out the dilation operation on mask B, i times; it is obvi-
ous that B1 = B.
Bi ¼ B B     B ð10Þ
This procedure continues to achieve the desired image. So,
Eqs. (5) and (6) are generalized:ATHi ¼ A ðA  BiÞ ð11Þ
ABHi ¼ ðA  BiÞ  A ð12Þ
Leading to the generalization of Eq. (7):
A ¼ Aþ ATHi  ABHi ð13Þ
Therefore, we propose a method which can produce several
contrasts on the image by measuring the discrepancy between
the results of the Top-Hat and Bottom-Hat transforms to
select the optimized contrast. The general stages are as follows:
i. Taking the input image and determining the shape and
size of the mask
In the ﬁrst stage, we use a disk-shaped mask with the initial
radius 30. The size of the radius is increased arbitrarily accord-
ing to the size of the original image in the following stages.
ii. Using Top-Hat transforms
We use Eq. (14) to produce the ﬁnal image. i and m param-
eters control the size of the mask and the produced contrast
respectively. The value of i is selected from among whole num-
bers while it is possible to select the value of m from decimal
numbers. In a particular case, m= i= 1, we obtain Eq. (7).
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iii. Selecting the ﬁnal image by CIR
For i different selecting from masks and m selecting from
control coefﬁcients, we will have m*i produced images in out-
put which we automatically choose the most proper of themFig. 4 (a) Original image, (b) the ﬁrst enhanced image with the disk in
disk in size 40 and CIR = 0.1360, (d) the third enhanced image with t
with the disk in size 60 and CIR = 0.3573, (f) the enhanced image w
values than the previous image, it is selected as the ﬁnal image.
Fig. 5 (a) The original image, (b) the ﬁrst enhanced image with the
with the disk in size 40 and CIR = 0.2256, (d) the third enhanced imag
image with the disk in size 60 and CIR = 0.7647, (f) the enhanced imag
values than the previous image, it is selected as the ﬁnal image.using CIR. As stated before, when the proposed ﬁlter of
morphological transform is applied to the masks with various
radii in an increasing manner, we will have an enhanced image
per mask. We should select the best enhanced image. In each
step, the contrast improvement is measured by CIR throughsize 30 and CIR = 0.1202, (c) the second enhanced image with the
he disk in size 50 and CIR = 0.1899, (e) the ﬁnal enhanced image
ith the disk in size 70 and CIR = 0.3179, since image (e) has less
disk in size 30 and CIR = 0.0.754, (c) the second enhanced image
e with the disk in size 50 and CIR = 0.6868, (e) the ﬁnal enhanced
e with the disk in size 70 and CIR = 0.6694, since image (e) has less
Fig. 6 (a) The original image, (b) the ﬁnal enhanced image with the disk in size 30 and CIR = 1, (c) the enhanced image with the disk in
size 40 and CIR = 0.8533, since image (e) has less values than the previous image, it is selected as the ﬁnal image.
2 Catheters are thin tubes extruded from medical grade materials
that can be inserted in the body to treat diseases or perform a surgical
procedure.
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procedure continues while the returned values from CIR have
been in an increasing manner. When CIR returns a smaller
value, the procedure ends and the size of the previous mask
is selected as the proper one to enhance the contrast of the
image. It is CIR that compares the images resulted from two
consecutive stages. If the value of the present comparison is
larger than the previous one, the process continues. On the
other hand, if CIR returns a smaller value, this means that
the contrast of the new enhanced image is less than that of
the previous image. Therefore, the image of the previous step
is selected as the best enhanced image.
The change in the values of i and m continues up to the
point when the returned image by CIR has a larger value than
the previous image. When an image with a smaller CIR is cre-
ated, the changing process stops and the image obtained from
the penultimate step is elected as the ﬁnal enhanced image. The
penultimate values of i and m are the optimized values creating
the desired image.
It should be noticed that the selection of proper initial val-
ues for i and m in Eq. (14) is dependent on the input image
which is obtained through trial and error. An initial value of
30 for i presents desired response on most images. Figs. 4–6
show the results of the application of Eq. (14) and the selected
optimized image by CIR. In the repetition process, the value of
m in Figs. 4 and 5 is equal to 1 and 1.2 respectively. The initial
value of i is 30 in both ﬁgures.
5. Results
As stated in Section 2, there are medical images with poor con-
trast which are difﬁcult or impossible to study and acquire
information from. So we should look for new methods to
enhance the quality of such images.
Our proposed method which is based on mathematical
morphology enhances the contrast of images and repairs their
damaged parts. In fact, a Top-Hat transformation along with
a disk structural element extracts white features such as blood
vessels and aneurism (20). As explained in (21), it is difﬁcult to
use Top-Hat transforms in the images whose contrast changes
much. Therefore, our proposed method can only be used to
enhance medical images.
The reconstructed images of chest show a better resolution
in lung tissue, especially the images whose initial quality is not
appropriate; for example, see Fig. 7(a) that probably is taken
in sleep mode. In the ﬁnal image (Fig. 7(e)), small tumors havebecome clearer, especially those that are superimposed on the
ribs and are different from the main tissue. Two samples of
these tumors which are circled in Fig. 7(e) show cancer pro-
gress more clearly.
In Fig. 7(b), the patient’s left lung is hemorrhaging causing
some of its tissue to be difﬁcult to see. In emergency situations
like this, catheters2 are used. After inserting the catheters,
Radiology images play an important role in locating the end
of catheters and evaluating the possible side effects during its
insertion. The enhanced image in Fig. 7(f) shows the left lung
parenchyma and the end of catheters more clearly. Fig. 7(c)
shows abdominal radiograph of an obese person which looks
clearer in the reconstructed image shown in Fig. 7(g).
Fig. 7(d) shows a foot radiograph. In Fig. 7(h), it is enhanced
at the expense of fading the soft issue around the bone. Bigger
vessels look sharper in the enhanced image of ﬁgure (m) while
smaller vessels are invisible and more likely to be pathological.
The kidney image after enhancing is shown in Fig. 7(n) that
can be used instead of the original image in a segmentation
process (22,23). The kidney in the enhanced image is more
obvious, hence segmenting the image would be easier and more
accurate compared to the one in the original image. In
Fig. 7(o), the arrow implies a tumor as a prostate cancer. As
seen, the diagnosis of tumor is easier than the original image
in Fig. 7(k). Also, it can be used as an enhancement image
in diagnosis methods of prostate cancer (24). Blood vessels
can also be enhanced and then used for segmentation of 3D
magnetic resonance angiography (25,26). The improved image
of blood vessels can be seen in Fig. 7(p). We enhanced the con-
trast of heart images in Fig. 7(r). These can be used for the
analysis of myocardial ﬁrst-pass perfusion MR images (27).
The ﬁnal result of the proposed method is compared with
the method presented in (9) in terms of histogram equalization
and contrast-limited adaptive histogram equalization (see
Fig. 8). As it is clear in the images, the proposed method better
enhances the contrast of the image and the details of the image
are shown more accurately.
Since our proposed method goes through an exfoliation
procedure, it is apparently superior to the Gamma method
in enhancing the contrast and quality of the images to increase
the accuracy of the diagnostic process. In contrast with the
Gamma method, in this method, the resolution of the image
is extremely high and the image details are better manifested.
Fig. 7 The results from the proposed method. (a, b, c, d, i, j, k, l, and q) The original image, (e, f, g, h, m, n, o, p, and r) the enhanced
image. The parameters are m= 1.2 and i= 2 and the disks in sizes 30, 40 and 50 are used according to each image.
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Fig. 8 (a) The results of applying the proposed method, (b) the results of applying CLAHE, (c) the results of applying histogram
equalization, (d) the results of applying Gamma correction. (The original images are shown in Figs. 3 and 6.)
488 H. Hassanpour et al.In contrast with other methods, morphological methods
have very simple mathematical basics and acceptable computa-
tion time.6. Conclusions
In this paper, a method using morphological Top-Hat trans-
forms is presented to enhance the quality and contrast of med-
ical images. In addition to its simplicity, this method has a high
potentiality to process poor-quality medical image. The
enhancement is obtained via an iterative exfoliation process
evaluated using contrast improvement ratio measure. This
approach can specify arbitrary organs overlapped in medical
images for a better diagnosis. The comparison of histogram
equalization and contrast-limited adaptive histogram equaliza-
tion yielded from our proposed method and the one adopted
from other existing medical image enhancement method indi-
cates the superiority of the proposed method in improving
the quality of medical images.Conﬂict of interest
The authors declare that there are no conﬂicts of interest.References
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